Objectives-Both sensory and sympathetic nerve fibres are depleted in the synovium in rheumatoid arthritis (RA 
The role of the nervous system in inflammation has recently received much attention. Sensory neurons can release neuropeptides from their peripheral terminals in response to a variety of stimuli. The release of neuropeptides, such as substance P and calcitonin gene-related peptide (CGRP) may have a role in the mediation of inflammation and vascular leakagel" and the peripheral release of substance P,5 CGRP and neurokinin A6 has been demonstrated in vivo. The inflammation which follows the release of such peptides has been termed neurogenic inflammation and this has been recently reviewed in relation to arthritis.7
Most of the evidence for neurogenic inflammation derives from experiments which have been conducted in normal animals under acute conditions and its relevance to chronic inflammation remains uncertain. We consider that in acute inflammation interactions between the nervous system and the vasculature, such as the wheal and flare response, and interactions with cells of the immune system, leading both to priming and activation, are appropriate protective responses to acute tissue injury. A loss of these protective responses due to nerve fibre depletion may contribute to the failure of resolution in chronic inflammation. 3 The localisation of neuropeptide-containing sensory and sympathetic nerves in the normal human8 9 and rat synovium10 have been described. However, in the chronically inflamed human synovium an absence of nerves adjacent to the joint space and a depletion of nerves in the deeper synovium have been demonstrated. 8 9 We proposed that depletion of nerve fibres is associated with chronic synovial inflammation and can be induced by a variety of stimuli. We have further investigated the depletion of nerve fibres in the synovium by the induction of arthritis in the rat using three different models of inflammation: (1) Hydrogen peroxideinduced inflammation, using glucose oxidase to generate hydrogen peroxide in situ from endogenous glucose. The model is one of acute tissue damage from the hydrogen peroxide which gives rise to a rapid polymorphonuclear leucocyte response, followed by macrophage and lymphocyte recruitment, reaching a peak at seven days and resolving quickly thereafter; (2) Co), in 100 [LI of sterile saline was injected into the right knee joint-space of male Wistar rats to induce a hydrogen peroxide-mediated inflammatory reaction. The animals were killed seven days after the injection. Specimens of the rat knees, on both sides, were obtained at the end of the experiment.
LATEX SPHERES MODEL
A synovitis was induced by the injection of 100 ,ul of a 1/% suspension of latex beads (Sigma Chemical Co) in sterile saline into the right knee joint. The latex beads had a mean(SD) particle diameter of 11 9 (1 9) p.m. The animals were sacrified 20 days after the injection.
METHYLATED BOVINE SERUM ALBUMIN MODEL
Immune monoarthritis was induced as previously described by Brackertz'3 in the mouse and modified by van Noorden'4 for the rat.
Rats were sensitised to methylated bovine serum albumin (mBSA) by multiple subcutaneous injection (4) (5) (6) 30 p.m sections were cut on a cryostat, using a tungsten-carbide knife, mounted on poly-L-lysine coated slides'6 and air dried for two hours before processing for immunostaining. The knee was sectioned sagittally through the mid-line and the area of synovium examined was that immediately adjacent to the meniscus on both sides of the joint.
IMMUNOCYTOCHEMISTRY
Sections were incubated with primary antisera at optimal titre (see 
Histology
The normal histology of the rat synovium is well described. It consists of a layer of cells, the intimal cells, which form the boundary le. This ur cells. and no
The nerves were distributed both perivascularly and as free fibres ( fig IA) . Nerve fibres were seen not only in the synovial stroma but also extending to the intimal layer. The density of the innervation, judged subjectively, was variable and depended on the level through the knee at which the section was obtained. However, nerve fibres were seen in all sections of the synovium, from all animals.
Nerves were consistently present in the synovium adjacent to the meniscus and therefore this area of synovium was selected for assessment. asement
The sensory innervation, as indicated by mposed staining for CGRP and SP, appeared to be of fused by the same distribution for both markers.
Tery few Sensory fibres were seen both perivascularly nt in the and as free fibres. The fibres extending to the intimal layer of the synovium were positive for these sensory fibre markers ( fig 1B) . (fig 7C) . This pattern of immunostaining was reflected in the lack of immunostaining for the sensory peptides substance P and CGRP and also for the post-ganglionic autonomic marker CPON. Nerve fibre profiles were always seen in the dermal tissue which remained, outside the joint capsule.
Discussion
The depletion of sensory and sympathetic nerves in relation to joints has been previously noted in human arthritis.8 9 11 The effect is most obvious in the synovium closest to the joint space in which there is an almost total Figure 6 Synovium from the knee of a rat 21 days after injection specimen was then stained with the nerve fibre marker PGP 9 5. A> a cellular infiltrate by the latex spheres has no apparent effect on Previous experience in this laboratory of the histology of these models was used to determine the sampling time for each model. Time points were selected on the basis that the -.
chronic inflammation was maximal, this paper does not address the questions of the time course of the drop out nor the possibility that resolution of the arthritis may be accompanied by re-innervation.
We used several models of inflammatory The cellular infiltrate is arthritis to discover if the loss of peripheral ps). Uninvolved cells nerve fibres is a feature common to synovitis in general. We have shown that in both hydrogen peroxide-induced and mBSA-induced arthritis that there is a similar depletion of the nerve fibres. Latex spheres induced a mild synovitis comprising a macrophage infiltrate typical of a foreign body response. However, the presence of the macrophages, which were presumably activated by their attempts to digest or remove the latex spheres, was not associated with the _ .r_ depletion of nerve fibres seen in the other two models. Even after 120 days after the injection (data not shown) no effect of the latex spheres and accompanying macrophages on the nerve > fibres could be seen. The distinguishing feature of the other two models is likely to be related to the severity of the inflammation. In mBSA and hydrogen peroxide-induced arthritis iX v polymorphonuclear leucocytes, and latterly lymphocytes, are recruited to the synovium.
_0 k
Neither of these cell type are present in the latex spheres model.
A number of explanations have been put oflatex spheres. The forward for the reduction of peripheral nerve lote that the induction of fibres in chronically inflamed human synovium. :e nervefibres (arrows).
It is probable that the inflammatory synovium is in some way a cytotoxic environment for neuronal cells. This is supported by our r in the synovium, observation that neuronal depletion is le, some nerve fibres associated with regions of inflammatory cells. vith a mild or absent In joints showing an uneven distribution of 11 finely myelinated cellular infiltrates, inflammation was commonly fibres were equally restricted to the inflammation to the supraat the inflammatory patellar pouch where the initiating injection was e for sensory or given. In these cases nerve fibre depletion was ,in the nerves but is evident in the pouch but not the main body of ting the nerve fibres the joint. Alternatively, the association of nerve rP 
